provided more exact information about the response of each patient than could have been derived solely from the estimation of the total plasma sterols.
METHODS
Estimation of Cholesterol and Desmosterol. The method of sterol determination was very similar to Kenny's (1952) procedure for cholesterol, which is itself a modification of Bloor's (1917) technique. Significant points of departure were the use of 0*2 ml. samples of plasma, which were extracted with 10 ml.
ethanol-ether mixture, and the development of the Liebermann-Burchard colour in subdued daylight at room temperature. The time-course for the development of the colour was determined, using solutions of cholesterol and desmosterol in chloroform, and the absorption spectra of the products were measured at various times in a Beckman DK 2 ratio recording spectrophotometer. On the basis of these experiments, the conditions for making routine determinations in a photometric colorimeter were selected, and readings were made with an Ilford 608 filter at exactly 6 minutes, and with an Ilford 621 filter at exactly 16 minutes after the addition of sulphuric acid to each sample. There was sufficient interval between these two measurements on an individual sample to allow analyses to be performed in batches, and readings were made at points on the colour-development curves where the intensity was changing slowly with time.
The spectra of the Liebermann-Burchard derivatives of cholesterol and desmosterol 16 minutes after the start of colour development are very similar below 500 m,t; the Ilford 621 filter has a wide transmission band in the 400-500 m,u region and, with this filter, it was found that cholesterol and desmosterol gave equivalent results at this time. The spectra of the Liebermann-Burchard derivatives of these two sterols are different in the 550-700 m, region; for measurements in this region of the spectrum an Ilford 608 filter (which transmits light of 630 m,u and longer wavelength) was selected and, with this filter, desmosterol developed 69-8 per cent (S.E.M. +0 8%; 17 determinations) of the colour yielded by an equal amount of cholesterol when measurements were made 6 minutes after the start of colour development. From these observations the amounts of cholesterol and desmosterol in mixtures of the two sterols, or in plasma samples, were calculated from the following equations:
(1) R621=C+ D; (2) R608=C+0-70D, where C and D were the concentrations of cholesterol and desmosterol and R621 and R608 the apparent concentrations of cholesterol, obtained with the respective Ilford Table. A full clinical examination, chest radiograph, and electrocardiogram were carried out on each patient before triparanol was prescribed, and clinical examination was repeated at frequent intervals during the period of investigation, with further radiographs and electrocardiograms as dictated by each patient's condition. Before treatment three plasma cholesterol estimations were made: specimens were collected from patients in hospital in the fasting state, but from out patients they were collected under uniform conditions of dietary intake and at the same time of day on each occasion. All patients (except Case 2) had pretreatment plasma cholesterol levels of 280 mg./100 ml. or greater. Further plasma samples were examined at approximately two-to four-weekly intervals.
The dose of triparanol used throughout this investigation was 250 mg. daily. If other forms of treatment were being administered to patients (e.g. anticoagulants, coronary vasodilators, dietary modification), these 
RESULTS
Details of the individual responses of the 32 patients are shown in the Table. Mean plasma cholesterol levels in the control period ranged from 235 to 605 mg./100 ml. The fall in the mean level of total plasma sterols during treatment ranged from 0 to 32 per cent of the corresponding mean control levels. In 5 patients the total plasma sterols rose during treatment, the percentage rise being small, however, except in 2 of the 3 patients with tuberous xanthomatosis (Cases 5 and 14). The average response to triparanol treatment for the whole series was a fall of 7 per cent in the total plasma sterol level.
The fall in plasma cholesterol ranged from 1 to 49 per cent of the control level, but in one patient (Case 14) the plasma cholesterol level rose by 33 per cent; the average for the whole series was a fall of 22 per cent in the plasma cholesterol level during treatment with triparanol. The maximum concentration of desmosterol reached during treatment ranged from 25 to 445 mg./100 ml., representing 7 to 49 (average 27) per cent of the total plasma sterols in the corresponding specimens. The response of any individual patient to triparanol could not be predicted. No relation was found between the plasma cholesterol level before treatment and the appearance of desmosterol in the plasma during treatment, except in the patients with tuberous xanthomatosis, in whom desmosterol levels at times exceeded 40 per cent of the total plasma sterols. The common type of response to treatment with triparanol is shown in Fig. 1 (Case 4). In these patients a moderate fall in plasma cholesterol level occurred, but the fall in total plasma sterols was less marked because of the appearance of desmosterol in the plasma. In other patients (e.g. Case 18), desmosterol could be detected but the falls in plasma cholesterol and total sterol levels were slight or absent; such lack of response was not due to failure to take triparanol. Case 14, a patient with tuberous xanthomatosis but without previous evidence of ischemic heart disease, responded very differently. Seven weeks after starting triparanol he felt unwell, and complained of anginal pain and generalized pruritus. One week later fresh eruptive xanthomata had appeared, but other clinical findings and the electrocardiogram were unchanged. Triparanol was discontinued and, within four weeks, the xanthomata had reverted to their pretreatment state, itching had stopped, and the patient felt well again. Fig. 2 shows the results of plasma sterol analyses in this patient during and after the period of treatment with triparanol.
DISCUSSION
The findings in the present investigation are comparable with those from other trials in which the response of patients to treatment with triparanol has been assessed by measuring both plasma cholesterol and desmosterol levels (Steinberg et al., 1961 ; Jose, Learoyd, and Peak, 1961; Blankenhorn and Kuzma, 1961; Doak, Nicholson, and North, 1962) . The majority of patients respond to the administration of triparanol, as shown in Fig. 1 , but some patients show no response, at least at the dose level (250 mg. daily) prescribed in this series.
The variability of response to triparanol means that the results of treatment with this drug cannot be assessed solely from measurements of the Liebermann-Burchard colour in the region 620-660 mbt, since it cannot be assumed for any individual patient that desmosterol will constitute a definite percentage of the total sterols in the blood, and interpretations of results that rely on such an assumption (Jepson, 1962) are open to criticism. In general, it is true to say that the plasma cholesterol level will be lower and the total sterol concentration higher than the results of the LiebermannBurchard reaction indicate when measurements are made only in this region of the spectrum, but the findings presented in the Table show how variable is the individual response and confirm the results of others (Steinberg et al., 1961; Blankenhorn and Kuzma, 1961) where the levels of cholesterol and desmosterol have been separately determined.
In some patients treatment with triparanol resulted in the appearance of large amounts of desmosterol in the plasma. In these, and especially where there was also a marked rise in the total plasma sterols (e.g. Cases 5 and 14), results of treatment would have been even more liable to misinterpretation, if based solely on measurements of the Liebermann-Burchard colour in the 620-660m,u region. Case 14is the second recorded instance of the development of fresh xanthomata in a patient as a result of triparanol treatment but, in the patient described by Schiller and Armstrong (1962) , the plasma sterol analyses were subject to the above criticism. If only a single biochemical determination is to be performed, a technique that measures the total plasma sterols must be adopted (Avigan and Steinberg, 1962) .
Several methods have been developed for estimating the individual concentrations of desmosterol and cholesterol, when present together in blood. Two different chromatographic techniques have been published (Frantz et a!., 1960; Avigan et al., 1960b) . These methods separate cholesterol from desmosterol and allow the individual concentrations of these sterols to be measured directly, but Avigan et al. (1960b) were unable to confirm the separations claimed by Frantz et al. (1960) , and the chromatographic method described by Avigan et al. (1960b) has not been applied to blood successfully. Both techniques are laborious, and the most promising chromatographic procedure is gasliquid chromatography (VandenHeuvel, Sweeley, and Horning, 1960) . This was used qualitatively (Steinberg et al., 1961; Herndon and Siperstein, 1963) to confirm that cholesterol and desmosterol were the only sterols present in the serum of a patient treated with triparanol, but the conditions for performing this analysis quantitatively by gas-liquid chromatography have not yet been published, and Horning et al. (1963) have recently reviewed the practical problems connected with the quantitative determination of steroids in biological materials by this technique.
Non-chromatographic methods are, at present, the techniques most readily applicable on a routine basis. All these procedures require two separate measurements, one of which is the intensity of the Liebermann-Burchard colour in the 620-660 m,t region, but they differ among themselves in the technique used for determining the total sterol content of the specimen. Hollander et al. (1960) estimated total plasma sterols either gravimetrically by precipitation with digitonin, or colorimnetrically by applying the anthrone reaction to the digitonin precipitate; Frantz et al. (1960) used the Zak colour reaction (Zlatkis, Zak, and Boyle, 1953) , with which they reported that cholesterol and desmosterol gave practically identical colour yields.
Both the anthrone and Zak reactions were investigated at the start of the present work. The anthrone reaction proved very tedious when applied to large numbers of specimens, and the Zak reaction gave variably high results, a shortcoming previously observed by Fiirst and Lange (1954) and by Morris (1959) . Because of this shortcoming, calculations based on the Zak reaction resulted in a variable overestimate of the proportion of desmosterol contributing to the total plasma sterols, as well as a variable overestimate of the total plasma sterol levels. Furthermore, the relative behaviour of cholesterol and desmosterol in the Zak reaction showed considerable disagreement between the three series in which it was assessed (Frantz et al., 1960; Jose et al., 1961; Sachs and Wolfman, 1961 ). This makes difficult the accurate interpretation of the results of investigations into the action of triparanol where biochemical control has been wholly or in part dependent on the Zak reaction (e.g. Owen Williams, Gaddie, and Singh, 1962 Steinberg et al. (1961) , and the modified technique was employed by Blankenhorn and Kuzma (1961 Morris (1959) . Steinberg et al. (1961) used the method of Abell et al. (1952) for sterol determinations, but this technique shows poor reproducibility (Thomas and Eisenberg, 1957) , when compared with the results obtained by the present method.
The use of different wavelengths of measurement in the 620-660 m,u region of the spectrum by various authors accounts for the different ratios recorded for the intensity of colour developed by desmosterol and cholesterol in the Liebermann-Burchard reaction. It cannot be too strongly emphasized, therefore, that any laboratory intending to determine both plasma cholesterol and desmosterol levels by this colorimetric technique should itself determine the relative behaviour of these two sterols under the analytical conditions selected.
Although the method described in this paper was used in the assessment of triparanol, a drug which has been withdrawn from therapeutics, the technique may well be of value in future clinical trials since it is possible that other drugs will be developed which inhibit the biosynthesis of cholesterol at a late stage, after the formation of the sterol nucleus. In the absence of satisfactory direct methods for estimating both desmosterol and cholesterol in plasma, the procedure described in this paper offers a satisfactory means of assessing the value of such drugs in the control of hypercholesterolkmia. SUMMARY A colorimetric technique is described for estimating the individual concentrations of desmosterol and cholesterol in single samples of plasma, and the results obtained with this method during an investigation of the effects of triparanol treatment in 32 patients are presented.
Although triparanol has been withdrawn from therapeutics, other drugs having a similar mode of action may be developed and will then require assessment. It is shown that determinations of both desmosterol and cholesterol levels in plasma provide more complete information about the response of patients to such drugs than measurement solely of the total plasma sterol concentration.
Other methods for estimating desmosterol and cholesterol levels in plasma are discussed, and reasons are given for criticizing those investigations in which the biochemical effects of triparanol were assessed either solely in terms of the colour developed in the 620-660 m,u region of the spectrum in the Liebermann-Burchard reaction, or by methods involving the use of the Zak colour reaction.
